COM3101 Database Systems


Notes 2 - The Relational Model and Relational Integrity Rules

1. The Relational Model

Relation
:
This can be thought of as a table.

Tuple
:
A row of the table or a record.

Cardinality
:
Number of rows, this changes with time.

Attribute
:
Column or field.

Degree
:
Number of columns, i.e. number of attributes.

Primary key
:
Unique Identifier, i.e. no two rows of the table contain the same 



value (can be a column or column combination).

Domain
:
Pool of legal values.

Diagram

For example, the domain of shipment quantity is the set of all integers greater than 0 and less than 10,000.

2.  Introduction to Relational Integrity Rules

· Integrity rules in database systems provide a logical basis for maintaining valid data values in the database throughout updating.

· For example, the list of integrity rules for suppliers-and-parts database might include the following:

1. Supplier numbers must be of the form Snnnn (where nnnn stands for up to four decimal digits).

2. Part numbers must be of the form Pnnnnn (where nnnnn stands for up to five decimal digits).

3. Supplier status values must be in the range 1-100.

4. Part weights must be greater than zero.

5. Shipment quantities must be a multiple of 100.

6. All red parts must be stored in London.

7. If the supplier city is London, then the supplier status must be 20.

Note, however, that most integrity rules are database-specific, in the sense that they apply to one specific database.

· The relational model includes two general integrity rules, in the sense that they apply to every database.  These two general rules have to do with primary keys and foreign keys.

3. Primary Keys

The primary key of a relation is just a unique identifier for that relation.  For example, the primary key of relation SP is the set {S#, P#}; similarly, the primary key for S is the set {S#}, and the primary key for P is the set {P#} etc.  The primary key is allowed to be composite.

Candidate, Primary and Alternate Keys

· A candidate key is an unique identifier for a particular relation.

· A relation may have more than one candidate key.  For example, in the Elements table, we might choose “element symbol” as the primary key; “element name” and “atomic number” would then be alternate keys.

· One of these keys is chosen to be the primary key.  (Primary key is the candidate key that is chosen by the database designer.)

· The rest of the candidate keys are referred to as alternate keys.

· Definition for a candidate key:
Attribute K (possibly composite) of relation R is a candidate key for R if only it satisfies the following two time-independent properties:

1. Uniqueness:  At any given time, no two tuples of R have the same value for K.

2. Minimality:  If K is composite, then no component of K can be eliminated without destroying the uniqueness property.

For example: {S#, City} => {S#}

4. The Entity Integrity Rule

Definition for the Entity Integrity Rule:

No component of the primary key of a relation is allowed to accept nulls.

· In the case of composite primary keys, the entity integrity rule says that individual value of the primary key must be wholly non-null. In other words, partially null primary key values are also prohibited.

· Alternate keys may or may not have “nulls” allowed.  For example, every citizen may have a ID number, but not everyone will have a national insurance number.

But if AK is an alternate key that has nulls allowed, then AK could not have been chosen as the primary keys, because of the entity integrity rule.

5. Foreign Keys

· Definition for foreign key:
Attribute FK of relation R2 is a foreign key if and only if it satisfies the following two time-independent properties:

1. Each value of FK is either wholly null or wholly non-null, i.e. if FK is composite, then all components are either null or non-null.

2. There exist a base relation R1 with primary key PK such that each non-null value of FK is identical to the value of PK in some tuple of R1.

Example 1

Consider the following departments-and-employees database definition:

Dept (Dept#, Dname, Budget)

Emp (Emp#, Ename, Dept#, Salary)

Example 2

Attributes S# and P# are considered as foreign keys to the relation SP while they are primary keys to relations S and P respectively. 

If a value of S# exists in SP, then it must also exist in S. But, the converse is not necessarily true, i.e. if a value S# exist in S, then it may or may not exist in SP.  (e.g. S5 appears in relation S but not in relation SP because supplier S5 does not currently supply any parts.)  This example also shows that the two foreign keys in relation SP together is the primary key for that relation.

· Referencing Relation: Relation that contains the foreign key.

· Referenced Relation / Target Relation: Relation that contains the corresponding primary key.

· Referential Diagram: This shows the relationship between referencing and referenced relations.  For example,
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The above diagram means that SP contains two foreign keys and they come from relations S and P.

· There is no requirement that a foreign key be a component of the primary key of its containing relation. But, if it is, then we have a self-referencing relation.

Example 3

Dept (Dept#, Budget)

Emp (Emp#, Dept#, Salary, Mgr_Emp# )

Although Emp.Dept# is a foreign key in relation Emp, it is not part of the primary key (Emp.Emp#) of that relation Emp. But, Mgr_Emp# is the employee number of the manager and it refers to Emp.Emp#. Therefore, Emp is a self-referencing relation.

6. The Referential Integrity Rule

Definition for the Referential Integrity Rule:
The database must not contain any unmatched foreign key values. So, if B references A, then A must exist.

7. Foreign Key Rules

Deleting a Foreign Key Reference

For example, if a user asks to delete supplier S1 from relation S, what should happen on the shipments for supplier S1 from relation SP as well?  In general there are at least three possibilities:

1. Restricted: The delete operation is “rejected” if there are foreign keys that reference it, i.e. there are tuples in the referencing relation that reference the target in the referenced relation.

2. Cascades: The delete operation extends itself to delete the tuples in the referencing relation that matches the target.

3. Nullifies: The foreign key is set to null in all matching tuples and the target in the referenced relation is deleted.

Updating a Foreign Key Reference

For example, if a user asks to update the supplier number S1 from relation S, what should happen on the shipments for supplier S1 from relation SP as well?  In general there are at least three possibilities:

1. Restricted
: The update operation is “rejected” if there are foreign keys that reference it, i.e. there are tuples in the referencing relation that reference the target in the referenced relation.

2. Cascades: The update operation extends itself to update the tuples in the referencing relation that matches the target.

3. Nullifies: The foreign key is set to null in all matching tuples and the target in the referenced relation is update.
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